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Executive Summary

This is a proposal submitted by Brookhaven National Laboratory (BNL) to the U.S. Department of
Energy (DOE), Office of High Energy Physics (OHEP), to conduct Accelerator R&D focused on the
improvement of accelerator systems and capabilities needed for effective realization of future accelerator-
based sources of intense neutrino beamg. Our proposal emphasizes the most pressing R&D needs
required by the ‘Super Neutrino Beam’ concept identified in the 2004 Office of Science Future Facilities
Intiative’. The proposed R&D work will

Oscillations Program using acceleratgr source

ifd of focusing system, ma
le success.

Table of BNL Accelerator R&D Topics and/Budgets by Fiscal Year
Project Name BNL FY06 FY07 FYO08 Total
Priority/| ($K) ($K) ($K) ($K)
Target Materials & Target/Horn Integration 1/ 820 970 290 2080
High Temperature Superconducting Magnets 2 363 321 0 684
FFAG Accelerators For Neutrino Physics 3 351 487 385 1223
Plasma Lens R&D for a Super Neutrino Beam 4 200 200 200 600

We will seek an opportunity to discuss these ideas with DOE-OHEP in the near future.

I “Facilities for the Future of Science, A Twenty-Year Outlook”, U.S. DOE Office of Science, Nov 2003.
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Main Proposal

Introduction:

The Office of High Energy Physics has indicated that it plans to support Accelerator R&D needed to
advance a national program of neutrino physics in the United States. Central to this program is the
expectation that the future U.S. neutrino program will rely upon the construction of a megawatt-class
proton driver to realize the DOE Office of Science’s “Super Neutrino Beam” facility'. The Alternating

Principal Investigators:

The Accelerator-related Neutrino

~Kirk, Physics Department
N. Simos, Energy Sciences and Technology Dept.

os, Energy Sciences and Technology Dept.
R. Gupta, Superconducting Magnet Division
Task 4 — FFAG Accelerator R&D

A. Ruggigro, Collider-Accelerator Dept.

Task 5 — Plasma Lens R&D for Super Neutrino Bea shcovitch, Collider-Accelerator Dept.
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1.0 Target Materials and Target/Horn Integration:

I: High Power Proton Target R&D for Neutrino Physics Applications

There is a world-wide effort to design and implement “Proton Driver” primary proton beams in the multi-
MW class that can generate powerful, intense secondary neutrino beams for use in future neutrino
oscillation (and other) physics experiments. To realize this programmatic goal, significant technical
challenges must be addressed before suitable proton beam targets can be developed. These issues
include: 1) thermal management of the large target-heating generated by the interacting/showering proton
beam; 2) radiation damage that alters mytersal properties leading to possible degradation of target

To provide a viable target systégm™utylizi i - for a super neutrino
tudy needs to focus on

The problems presented i isJbeing Jexposed to \intense proton beams has also led to a
consideration of the merits of utilizing liquid targets for high-ppwer sources. The Muon Collaboration, a

Pb-Bi eutectic) within a high-magnetic-field
soft pions generated when the proton beam
interacts with the target. This effort includes a leadership role in the approved CERN experiment
(nTOF11) to demonstrate the technical feasibility of a mercury jet target under conditions suitable for a
Neutrino Factory. This work may also be applicable to “Super Neutrino Beams” a future DOE facility
goal identified in the Office of Science document, “Facilities for the Future of Science’.

2 “Facilities for the Future of Science — A Twenty Year Outlook”, DOE Office of Science, Nov. 2003.



Task 1 - Solid and Liquid Target R&D Studies

Task-1.1 Solid Target R&D: Experimentally confirm that new alloys and composites, attractive for their
mechanical and physical properties in the un-irradiated state and under consideration as baseline target
options, retain these properties after being exposed to high power, high intensity proton beam. This task
has two sub-tasks:
Sub-Task 1.1.1 Irradiation of target materials - The proposed work will extend the ongoing material
irradiation effort at BNL to achieve radiation damage levels that are representative of the anticipated
operational levels for both the super reutrino beam and the neutrino factory proton targets. The
current materials study is exploring radigtiomdamage (via intense proton exposures in BNL’s BLIP

alloys (super-invar and ‘“gum
material). In the extension of t

ascomax (high-Z, high strength
R&D sub task different grades of

here will be pla
that the dispersal o

this task interacts with DOE’s Muon Collider/Storage Ring R&D Program, in which BNL is a participant,
and we would expect to discuss with OHEP how to integrate the tasks and goals of these two R&D
aspects of the future U.S. neutrino program.

11: Horn/Target Integration R&D



High-Power Horn-Focused Neutrino Beams:

The use of pulsed, high-current magnetic lenses (“horns”) for fixed-target neutrino beam sources from
proton accelerators has been the standard approach to providing wide-band neutrino beams for over thirty
years. However, when the target power rises to the megawatt level, as will be the case for the Super
Neutrino Beam envisioned in the DOE Office of Science “Facilities for the Future of Science” strategic
plan’, the technical challenges increase significantly beyond earlier experience. The feasibility, as well as
the functionality, of an integrated target/horn system supporting the physics requirements of a multi-
megawatt Super Neutrino Beam pose significant challenges that require a substantial new R&D effort.

mechanical/thermal shock at the anticipated radiation-damage levels, and prediction of the longevity
in service of the derived optimal target/horn system.

2) Horn Issues/Optimization
While the horn structure does not intercept the proton beam directly, it is still exposed to high levels of
radiation from secondary particles and thus its ability to maintain the intended focusing function as
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radiation damage progresses is of primary importance. The ability of the horn material to maintain its
resistivity as low as possible in the presence of progressive radiation damage is key to the selection and
optimization of its design. This criterion is coupled with the requirement that serious degradation of the
structural integrity of the horn (as it experiences radiation damage, thermal cycling due to electric current
and proton beam heating, mechanical vibration and potentially corrosive cooling fluids) is strongly
mitigated or avoided altogether.

In recent neutrino experiments, the failures o
relative to their expected lives, point toward ho

focusing horns that occurred earlier than anticipated,
materials inability to resist radiation damage and to

chemical corrosion degradation. Recent BNL ridiation tudies of horn materials (Fig. 1.1)
showed that the material (even with a pfot gsistance) experiences integrity
degradation with modest levels of irradj

levels that are an order of magnitude Hi ’ ¢ i in theguper neutrino beam era, the

technical issue of getting the longest op

Figure 1.1: Effects of modest levels of pratonNeradiation (10.25 dpa)ou nickel-plated-aluminum of the
' ith 200 MeV protons.

this materials option:

3) Integral Target/Horn Challenges/Optimization
While the two primary elements of\particle generation and focyising (i.e., target and horn) may be
optimized to achieve their intended fumstions separately, they still need to be compatible in an
integrated configuration. This is especially challenging becayse these two components need to be
coupled in some respects of the operation (i.e., sharing coolig path) and be decoupled in others (i.e.,
remain electrically insulated) as seen in Figure 1.2. For bothdspects (coupling or de-coupling) the beam
power plays a pivotal role. The energy deposited in the target, as well as in the horn conductor, is
directly proportional to the beam power as is the demand for a heat transfer path out of the integrated
system. While the configuration geometry is similar to that of the low power neutrino experiments, the
demand for heat removal capacity is about an order of magnitude higher under the same boundary
conditions. Added to that is the expected degradation due to radiation damage of the material properties
that control the flow of heat such as thermal conductivity or diffusivity; this is also expected to occur at
much higher rates due to the higher beam power.



To achieve the performance required of the integrated system, the configuration as well as the materials
that are involved, must ensure that both the heat transfer and the electrical insulation between the target
and horn are maintained in satisfactory condition even under long-term irradiation. Experience from low
power neutrino experiments is not directly transferable to the design of the proposed high power system

and therefore dedicated R&D effort is necess
the following issues:

ary to address the issues. Our proposed work will address

corrosion as well as the target surface from erosio
the feasibility of helium cooling und ~

matterATow peripire
thesg high beam powers 1
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Figure 1.2: Conceptual design of target/horn system for the BNL super neutrino beam
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further challenges in meeting the requirementss.However, a pfoof-of-principle experiment showing that
helium can be used in the proposed target/horn Configuratfon, will eliminate far more serious issues
associated with water cooling. The task will consist of t (3) subtasks, namely:

Sub-Task 2.1.1 - Helium cooling feasibility experiment. In a configuration simulating the horn
inner conductor interfacing with the target (made of carbon-carbon composite or graphite) the
ability of forced helium in removing heat deposited on the target inductively (similar to beam
thermal load) will be tested and the maximum heat removal capacity of this scheme will be
assessed.
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Sub-Task 2.1.2 - Integrated target heating, helium flow and horn current pulsing experiment. Key
to the long term survival of the system is the ability of the various components to withstand fatigue
and induced vibrations from all three sources. Experimental testing of the proposed target/horn
configuration will reveal potential weak spots thus allowing for the system modifications.
Sub-Task 2.1.3 - Testing of alternative material options: Explore other than the baseline materials
for use as target, horn and insulators. Experimental verification of the erosion resistance of
materials such as different grades of carbon composites and graphite to forced flow is of interest.
In addition, assessment of electrical resistivity and corrosion resistance of materials other than
alumlnum as will pr0V1de potentlal altrna es for a horn with maximized life. Further, an
: latmg materlals that allow coupling

between the horn and the target
the system.

optimized target, provide the best neutrino
integrated with a target into a viable system.

Sub-Task 2.2.4 - Identify t
scheme based on these co

For the solid targets, the limitations arise aterials available to-date, including alloys
and composites, may not be able to endure f demand these beam initiatives require.
Advancements in material science hold part of the answgr in solving material limitations, i.e., target
resilience to beam induced shock. Comprehensive and systematic material irradiation studies are
necessary in assessing whether new materials, alloys and composites can withstand the levels of radiation
damage expected with long exposure to a multi-MW beam. This R&D is focused on covering a broad
range of material Z and therefore increasing its relevance to a wide field of current and future initiatives
for neutrino physics and beyond.

the fact that
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For the liquid target options where the target destruction is not the primary issue, issues associated with
(a) the current lack of understanding of the behavior of conductive liquids in strong magnetic fields and
(b) the thermodynamic processes that take place during beam-target interaction need both experimental
and simulation-based verification. Through this R&D, both aspects are being proposed. Benchmarking of
simulations that include magneto-hydro-dynamic and thermodynamic relations on the experimental
efforts will provide the basis to assess easible a multi-MW liquid target is and what are its
limitations.

D is that all initiatives involving
multi-MW proton beams have to ddress the targ ofore, results of this R&D will serve

We provide a table with the associ

Task i

Budg\et\lte{ FY 2006, | FYM /FY 2008 | Sum

($K) (8K) ($K) ($K)
2 . 720 240 1640
230 40 390

horn/target experimental set-Ups.gtc.)

Travel 200 /20 10 50
Totals 820 / 970 290 2080

Task 1 - High Power Proton Target R&D

Task 1.1: Solid Target R&D- H. Kirk and N. Simos, PlIs (0.5 FTE each yr, FY06, FY07)
Physics Simulation Support: Scientific Staff (0.4 FTE each yr, FY06, FY07)
Post-Doc: TBD (0.5 FTE each yr, FY06, FY07) - Target shock simulations and data analysis
Work for Task 1.1 will be performed at BNL and FNAL

Task 1.2 - Liquid Target R&D - H. Kirk, PI
Post-Doc: TBD (0.5 FTE each yr, FY06, FY07) - Liquid target data acquisition; liquid target
simulations
Grad. Student: TBD (0.5 FTE each yr, FY07; FYO0S) - Liquid target experimental data processing
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Work for Task 1.2 will be performed at BNL & CERN

Task 2 - Horn/Target Integration R&D

Task 2.1 - Integrated target/horn simulations, Engr. and Exp. Helium Cooling Verification - N. Simos, PI
(0.5 FTE each yr, FY06, FY07, FY0S)
Grad. Student: TBD (0.5 FTE each yr, FX06
acquisition and data processing
Mechanical Engineer (0.125 FTE
Electrical Engineer (0.125 FTE
System Tech (0.2 FTE each yr,
Work for Task 2.1 will be perfo

07, FY08): System simulation, modeling set-up, data

Task 2.2: Horn geometry optimization —
Work for Task 2.2 will be performed at B

2.0 High Temperature Superconducting W—T\P‘m

High Temperature Superconducting Maghet R&D for Neutrino Si
Continued magnet R&D on cryogen-fr
Superconductors (HTS) is proposed-a igni ‘ ating cost and also

: eover, since HTS dipoles
reqperature dipoles, this approach would also

Fig. 2.1: Conceptual design of HTS magnet with cryo-cooler for Super Neutrino Beam Line at AGS
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A primary proton beam transport constructed from such HTS magnets, operating at a temperature of
~35K, will be much more compact than room temperature magnets and will be cooled by plug-in cryo-
coolers; hence, no cryogenic plant will be needed. HTS magnets will significantly reduce or potentially
eliminate the beamline cooling water system. The magnets will operate below 300 amps, a factor of ten
lower than the current required for room teguperature magnets. The development of these magnets would
not only reduce the operating cost (and perkaps.overall construction cost) of the Super Neutrino Beam,
either at Brookhaven National Laboratory

general concept can be applied to othe
magnet in the beam transport 11ne havmg

Y [mm]
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Fig. 2.2: Magnetic designs (H-shape on left and C-shape on right) of
dipole 3D 144 for the neutrino beam line at AGS
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Detailed magnetic, mechanical and cryogenic studies will be carried out during the proposed R&D task to
minimize the cost of the magnet. The actual determination of a particular design choice can be made only
after this optimization phase has been completed. The magnetic design will be developed in such a way
that, apart from producing magnets with the desired field uniformity in the aperture, the design also
minimizes the maximum field and the vertical component of the field on the conductor. Unlike the case of
conventional low temperature superconductors (LTS), the currently carrying capacity of HTS has
significantly different values depending on whether the direction of field is parallel or perpendicular to the
surface of the conductor. The cryogenic desigi~will be developed such that the heat leak is minimal and

Fig. 2.3: Conceptual de Xgn of cryocvessel (left), with insidex

(coll, per bar, iron, etc\ onright.
Major Benefits for Neutrino Beam . phcatlo

of the second-generation superconductors (YBCO). This result will have the far-reaching impact of a
large reduction in conductor cost as the 2™ generation wire does not require silver as a major component
of the conductor composition. The projected reduction in cost from the manufacturer is a factor of three to
five within the next five years.

Even with the present market value of the 1% generation superconductor, the expected cost of a HTS
magnet system appears to be comparable to that of room temperature magnets. For example, the cost of
conductor for the largest and most powerful dipole magnet in the beam line (3D144) will be ~ $50K even
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with the current price of HTS. This is about 1/3 of the total estimated cost of the equivalent room
temperature magnet.

Personnel and Schedule

Following BNL persons will be involved in carrying out the proposed R&D project:
1) R. Gupta (Scientist), PI
2) K.C. Wu (Cryogenic Engineer)
3) P.Kovach (Design Engineer)
4)  J. Schmalzle (Mechanical Engin
5)  G. Jochen (Technician)
6) R. Ceruti (Technician)

Qer)

a field of 1.5 T or
agnet that would

ets by Fiscal Year

Qudw %06 \%307 FY 2008 | Sum

(FK) (8K) (8K)
Scientific Effort (0.23RIE yr each FY)_ 35l /57 0 112
EngineeringEffort (0.25 FTByr each FY) 48 | 50 0 98
Technician/Designer Effort (0.5 FRE yr each IY) 160 164 0 324
Materials ) No 50 0 150
Totals ~/ 363 321 0 684

References:

'R. Gupta, et al., “Test results of HTS coils and an R gnet for RIA”, presented at the 2005 Particle
Accelerator Conference at Knoxville, Tennessee, May 16-20, 2005.

> The AGS-Based Super Neutrino Beam Facility Conceptual Design Report, Editors: W.T.Wang, M.
Diwan and D. Raparia, BNL-73210-2004-IR, October 8, 2004.

3 Conceptual Design for the Technical Components of the Neutrino Beam for the Main Injector (NuMI), J.
Hyden, et al., FERMILAB-TM-2018, September 1997.
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3.0 FFAG Accelerators for Neutrino Physics:

Fixed-Field Alternating Gradient Accelerators for Neutrino Physics Applications

To implement a comprehensive program of research on Neutrino Oscillations it is essential to provide a
Proton Driver capable of delivering an average beam power upwards of 1 MW at a workable proton beam
energy and repetition rate. The Proton Driver is a source of high-intensity primary protons that, by
impinging on a target of highly radiation registant material, generates pions that decay into neutrinos and
muons. This high-intensity beam has been -

below.

detector located far from the beam source. The f
decay to generate electrons and more neutrinos.
also possible to collect these secondary degce

much wider scope of accelerator applications.

FFAG Accelerators have the capability to accelerate charged particles over a large momentum range, and
have the feature of constant bending and focusing fields. Thus magnets do not need to be ramped and
particles can be accelerated relatively fast at the rate given by the limitation of the accelerating field from
RF cavities placed in proper location between magnets. FFAG accelerators are thus conceptually placed
between SCLs, with which they share the fast acceleration rate, and RCSs, as they allow the beam to re-
circulate over fewer revolutions. They are similar to Cyclotrons but also take advantage of alternating
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focusing and bending for a more radial compact geometry, and free themselves from the rigid relation
between RF frequency and orbit path length.

Two lattice configurations and magnet arrangements for FFAG accelerators have been proposed. The first
is the Scaling Lattice that has the advantage of constant orbit parameters across a large momentum
aperture but at the cost of high bending fields, large magnet aperture and a limitation on available drift
space. This lattice has been experimentally demonstrated at KEK with a pair of FFAG proton rings that
have been commissioned [5]. Moreover, several projects are now being proposed in Japan utilizing this
principle. The second lattice configuration is the Non-Scaling Lattice where orbit parameters vary
considerably across the momentum aperture b ith the beneﬁt of lower bending fields, smaller magnet

some driven by errors, misalignmer ers that appear to be structural. A
Non-Scaling FFAG Accelerator has et several studies have been
recently made on possible application utlhzmg stsly'a [a of muons, but
also of protons, namely: AGS Upgrade MW Proton
Driver at 1 GeV [6] for continuous neutron production, energy ; and
Medical Accelerators. In the design of these prd For
instance, it is desirable to flatten the tune Varlatlon y a CW mode of
operation [9] and for a better tumng and opera . multiple resonance crossing
in the case of proton beams is to be itudinal _beam dyna nics, requiring a fast

frequency Varying RF cavity system; weo

ith FY 2006. The main
goal of the s 1 ibili e neutrino experimental
program,£o outlme the meri ari dres (RCS and SCL), and

to solve sgineering. In partlcular we propose to:
1) and numerical tracking of both transverse
2)
3) MAccgleration and the latent beam loss

6) investigate tolerances of magnet misalignment and gradient errors and their effects on beam stability
and losses;
7) study disruptive effects caused by crossing linearand pon-linear resonances, whether error driven or

of intrinsic nature;
8) design an RF cavity system for acceleration over a large frequency range and study RF capture at
injection and acceleration;
9) investigate the possibility of continuous beam acceleration (CW mode of operation) with the method
of Harmonic Jump;
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10) explore the feasibility of an Electron FFAG model of an energy and intensity range to effectively
simulate low-energy proton beam behavior;

11) estimate the cost of each of the conceptually designed facilities;

12) extend the investigation to more general and innovative FFAG studies.

The Task 4 study will mainly focus around the design of the 1.5-GeV FFAG as the new injector for the
AGS Upgrade. But the results will also be applied to the conceptual design of the Proton Driver for a

Neutrino Factory, since they both share the same technical issues.

elements listed above can be studied simult usly, a certain time sequence is nonetheless necessary as
outlined in the time schedule here:
FY 2006 2

2008

Tasks
1.

e A

9.

10.
11.
12.

ets by Fiscal Year

Though most of the 12 topical

Budget Item FY 2006 FY 2007 FY 2008 Sum

$ K) $ K $ K $ K)

Accelerator Physicist (1 FTE for each of 3 y\eax:Q 3 19/ 338 353 1010

RF Engineer/Physicist (0.25 FTE FY 2007 only) /() 63 0 63

Mechanical Engineer (0.25 FTE FY 2007 only) ~/0 54 0 54
Total Personnel Costs 319 455 353 1127
Travel 20 20 20 60
Computing 12 12 12 36
Totals 351 487 385 1223
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[1] AGS Super Neutrino Beam Facility, (NWG Report-II), Editor D. Raparia. BNL 71228 (Informal
Report), April 2003.

[2] A.G. Ruggiero, "Review of Options for the SCL for the AGS Upgrade”, BNL Internal Report, C-
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Workshop, October 13-16, 2004, KEK, Tsukuba, Japan.

4.0 Plasma Lens R&D for a Super Neutrino Bea

The Plasma Lens as a Neutrino Be.a{m\Fo%lestem

purpose but the associated
¢ neutrino beam application requirements.

very large axial electrical curtents (Mega-amps$) must be gengrated and sustained;

2) magnetic fields generated by these turrents should capture the largest number of parent pions;

3) the lens medium should have lowest den3tty possible to midimize pion absorption and scattering;
4) the lens must endure high mechanical and thetmal stresseg caused by high currents and EM fields;
5) the lens must survive prolonged exposure to radiation;
6) the lens should minimize neutrino background during anti-neutrino beam runs (signal purity);
7) a cost-effective, power-efficient lens is desirable.

A plasma lens offers many advantages over other focusing methods. Current levels of tens of mega-amps
are carried routinely in some plasma devices, while current levels in conventional horns and lithium
lenses cannot exceed a few hundred kilo-amps. In addition to be able to support larger currents than other
lenses, plasma lenses can have their discharge profiles shaped for optimized pion capture. Unlike the
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presently considered horns, plasma lenses can capture and deflect pions with velocities that are at very
small angles to target axis. In plasma lenses, current is carried in low-density ionized gases, while in other
lenses the current is carried in solid matter or in liquids. Except for a couple of small electrodes, the bulk
of a plasma lens is essentially empty space. Consequently, attenuation of generated particles in plasma
lenses is minimal. Since the major component of a plasma lens is ionized gas, the bulk of the lens is
impervious to radiation and thermal damage. Forty years ago, a 1.5-meter long, 40-cm diameter “Z-
pinch” lens, with a current of 500 kA for 15usec duration was successfully used in an AGS experiment.
This lens performed very well until its ceramic liner broke and was not replaced since the experiment was
close to its conclusion. Since then, variowg~special Kevlar, fiberglass, and carbon epoxy liners and
insulators have been developed for radiation, generati achines (used in weapons research) that are
durable under extremely intense radiation. A\so, dra imprQvements in capacitors have occurred
during the past twenty five years that resulted in\a quantum jump in this,important technology.

8 trmo beam generation, plasma
deal lens ” As noted in the

Although horn technology is maturg
lenses have many advantages over

and horns(are reagonably suited to
Qrns that cower /Aatksewegn points of an

4% of the
more). As horns heat-
during the pulse

gnses appear to offer
dchnology has saturated

For the first configuration of a combined lens/tar@st_configuration, current could be fed at some point
downstream from the beginning of the target where prow/capture is needed. The feed point could be
varied in situ to optimize the resulting neutrino flux. The target would be followed by a plasma lens that
carries additional current to provide a higher current in the plasma lens. The target section of the plasma
lens could be immersed in an external solenoidal magnetic field to facilitate its current profile shaping.
This current profile would be shaped to optimize pion capture. The issue to be tested is the effect of
flowing current outside the target and/or inside the target itself. At current levels of 300 kA or less, the
carbon target should not be affected by Z-pinch-like compression.
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Driving current through the production target increases its heat load, already a serious issue from the
proton beam heating. Room temperature resistance of a carbon target (based on present design) made of
high conductivity graphite like quasimonocrystal graphite is about 6x10° Ohm at room temperature.
Considering a worst case scenario of 300 kA through the target (horn’s current is only 250 kA) for 3 usec,
the energy deposited in the target is about 1.7 kJ. By comparison, the proton energy deposited in the target
per pulse is 7.3 kJ; therefore, the deposited electrical energy increases the target heat load by 23%.
Reducing the current to 250 kA results in 1.18 kJ deposited (16% of beam energy deposition). Depending
on simulation results, it is likely that the per—pulse electrical energy deposited in the target will be only a
small fraction of the 1.7 kJ worst-case sge arlo ngh conduct1v1ty graphlte like qua51m0nocrystal
graphlte has a very nice property for this a

During the first R&D year, simulati g 1 i plasma lens configuration will be
performed, including comparisons em. experiments will be conducted: a
graphite test target in a Z-pinch; a e £ sre to test radiatiomdamage effects on high-

conductivity graphite.
In the second R&D year, an optimum design coy and
experimental results. This would be followed™ i ion~and i esi jent to

identify the optimized lens configuration.

costs are developed
CI includes a doctoral

95t Category

\Bw item F§<%6 07 FY08 Total
(SK $ ($K) ($K)

BNL Personnel:N ™~/ 90 )77 63 230

physicist, engineer & t&

UCI student cost (includes 55 / 57 60 172

professor and other costs)

Materials and Supplies \}Q\ \/ 12 12 34

(mostly BNL, some UCI)

Contract work: UCI 25 30 40 95
physicists as consultants

Travel and other costs 20 24 25 69
(mostly shops at BNL)

Totals 200 200 200 600
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All costs, except for BNL G&A and burdens, are included in the above budget (BNL Labor costs include
the BNL paid absence burden and fringe). The BNL PI will direct and coordinated all R&D tasks to be
performed. The following Table lists the R&D tasks and staff composition:

The effort costs comprise: the BNL PI @ 20% 1% year, 30% 2" & 3™ year; the BNL simulation physicist
@ 20% 1% year, 10% 2" year; the BNL engineer @ 20% 1% year 10% 2™ & 3" year; plus 1 UCI doctoral
student (the only full-time person), 1 BNL technician very limited time (cost of no more than $2k - $3k
per year), and 2 UCI consultants.

Task 5 R&D Budgets by Subtask and Fiscal Year
Task Description PerforrZ(d by udget item Fz * | FY07® | FYO08° Total
At Lgcation > (3K) ($K) ($K) ($K)

Simulations to determine | PI & B erso ESN 80
optimum plasma lens Physicist \
configuration At BNL \K/j\/\ _)\
Effect of plasma pinch on | PI, UCI student & TNpersonnel 4 85 85
graphite target Professor, UCI udent cost \ )

consultants at \ ~—_

UCI p

/ mat. & su

Effect of prolonged PI & BNL < personnel 25 25
radiation exposure on high | engineer traye hop \\7
conductivity graphite At BNL mat, & supp.
Design of optimum All partici ant§\at\ \pe}r?nelk \ 90 | 90
plasma lens configuration | both BNL an travel & shop

ucl @\ \ -
Experimentations and “dersonnel ~—_/ 87 87
iterated design refinement
Fabrication (mostly at DIO 23 200 233
Total 200 200 200 600

*FY 2006 — determine and designthe opMasma lens cagnfiguration, plus simulate its neutrino

the UCI student and consultants; experiments Will be performed for exposure of high-conductivity
graphite to intense, prolonged radiation; the PI will direst the BNL engineer and technician.

®FY 2007 — design and experimentation with optimized lens configurations; iterated design refinements;
the PI will direct the BNL physicist, BNL engineer, UCI student, and contract consultants.

“FY 2008 - fabrication & test experiments with the low duty factor prototype; the PI will direct UCI
student, BNL engineer, and contract consultants.




